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Abstract In this paper, we study the Smarandache curves according to the asymptotic or- 
thonormal frame in Null Cone Q?. By using cone frame formulas, we obtain some characteriza- 
tions of the Smarandache curves and introduce cone frenet invariants of these curves. 


1 Introduction 


The idea of studying curves has been one of the impressive topic owing to having many 
application area from mathematics to the diverse branch of science. As a result of this case, 
many mathematicians have studied different type of curves by using Frenet frame in numerious 
spaces. Among these, Smarandache curves have attract major attention by investigators for a 
long while. 

Smarandache geometry is a geometry which has at least one Smarandachely denied axiom 
[4]. An axiom is said to be Smarandachely denied, if it behaves in at least two different ways 
within the same space. Smarandache curve is defined as a regular curve whose position vector 
is composed by Frenet frame vectors of another regular curve. Smarandache curves in various 
ambient spaces have been classfied in [1]-[8], [14]-[16]. 

In this study, we give special Smarandache curves such as xa, ry, x8, a6, y8, wy -smarandache 
curves according to asymptotic orthonormal frame in the Null Cone Q? and we examine the cur- 
vature and the asymptotic orthonormal frame’s vectors of the Smarandache curves. We also 
present an example related to these curves. 


2 Preliminaries 


Some basics of the curves in the null cone are provided from, [9]- [10]. Let E} be the 4- 
dimensional pseudo-Euclidean space with the 


G(X, Y) = (X,Y) = a1y1 + coy + 23y3 — Kaya 


for all X = (21, 22,23,24),Y = (y1,y2,y3, ys) € Ef. E} isa flat pseudo-Riemannian manifold 
of signature (3, 1). 

Let M be a submanifold of E}. If the pseudo-Riemannian metric g of E} induces a pseudo- 
Riemannian metric g(respectively, a Riemannian metric, a degenerate quadratic form) on M, 
then M is called a timelike( respectively, spacelike, degenerate) submanifold of E}. Let c be a 
fixed point in EF. The pseudo-Riemannian lightlike cone(quadric cone ) is defined by 


Qi(c) = {x € E}: g(x —c,x—c) =0}, 


where the point c is called the center of Q?(c). When c = 0, we simply denote Q}(0) by Q?and 
call it the null cone. 

Let E} be 4-dimensional Minkowski space and Q> be the lightlike cone in E}. A vector 
V £0 in E} is called spacelike, timelike or lightlike, if (V,V) > 0, (V,V) < Oor (V,V) =0, 
respectively. The norm of a vector x € E} is given by ||z|| = \/(a, 2), [13]. 
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We assume that curve x: I + Q? Cc E} is a regular curve in Q? for t € I. In the following, 
we always assume that the curve is regular. 
A frame field {x, a, 8, y} on E} is called an asymptotic orthonormal frame field, if 


(2,2) = (yy) = (2,0) = yo) = (8,0) = &, B) = (, 8) =0, 
(x,y) ae (a, @) = (6, B) = 1. 


Using x'(s) = a(s), we know that {x(s),a(s), 6(s), y(s)} from an asymptotic orthonormal 
frame along the curve x(s) and the cone frenet formulas of x(s) are given by 


x'(s) = a(s) 

a’(s) = w(s)x(s) — y(s) @.1) 
B'(s) = 7(s)x(s) 

y'(s) = 


(s) = —K(s)a(s) — 7(s)5(s), 


where the functions «(s) and 7(s) are called cone curvature functions of the curve «(s), [11]. 
Lec: I 3 Qc E} be a spacelike curve in Q? with an arc length parameter s. Then 
x = x(s) = (x1, 22, 13, 74) can be written as 


a(s) = sa 95 P-PA+fhP+9°), (2.2) 


— 2/ P+ 9 


for some non constant function f(s) and g(s), [12]. 


3 The Smarandache Curves in The Null Cone Q? 


In this section, we define binary Smarandache curves according to the asymptotic orthonormal 
frame in Q?. Also, we obtain the asymptotic orthonormal frame and cone curvature functions of 
the Smarandache partners lying on Q? using cone frenet formulas. 

Smarandache curve y = y(s*(s)) of the curve x is a regular unit speed curve lying fully on 
Q?. Let {x,a, 8, y} and {7, ay, By, yy} be the moving asymptotic orthonormal frames of x and 
y, respectively. 


Definition 3.1. Let x be unit speed spacelike curve lying on Q? with the moving asymptotic 
orthonormal frame {2, a, 6, y} . Then, xa-smarandache curve of x is defined by 


Yxa(s*) = 7; 2(s) +a/(s), (3.1) 


where a,b € Rj. 


Theorem 3.2. Let x be unit speed spacelike curve in Q? with the moving asymptotic orthonormal 
frame {x,a, 8, y} and cone curvatures K(s),7(s) and let y,,, be xa-smarandache curve with 
asymptotic orthonormal frame {Yxra; xa; Bra; Yra} . Then the following relations hold: 
i) The asymptotic orthonormal frame {roa Cra, Beas Yao} of the xa-smarandache curve 7,,, 
is given as 
Vea $ 1 0 0 


ax 
bk. a Qo Sb 
Ara = Va2—2b2K Vf a2=20 a? 202K e , (3.2) 
Bra B, Bo Bs By Bp 
Yara Y, YT. Y3 Y4 y 


where 


E= : — y a? — 207K, (3.3) 


(a€ + dé") (3.4) 
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and 


Ti = (Bi + 5 (2B1Bs + Bi + B3)), 


1 
Y. = —(Bo + 5 (2B, Bs + BZ + B3)), (3.5) 
Y3 => —B3,V4 = —Bx4. 


ii) The cone curvatures ky,..(s*) and Ty, (s*) of the curve Yxu is given by 


DO 


: 1 
hy Ne l= 5 (2B, Bs + BZ + B3) 


Ty... (8*) = 2m K)Y4 t+ (Yo — 6)? +Y3— 02, (3.6) 


3s = 5 | ve — 2b?K(s)ds. 


Proof. i) We assume that the curve x is a unit speed spacelike curve with the asymptotic or- 
thonormal frame {x, a, 3,y} and cone curvature «,7. Differentiating the equation (3.1) with 
respect to s and considering (2.1), we have 


where 


7, (8*) = (a€) a(s) + (bré)ar(s) + (—bE) y(s), (3.7) 
where 
ds* 1 
7 = /a2 — 26?«(s), (3.8) 
oe (3.9) 


/ a? — 2K(s)b? 


It can be easily seen that the tangent vector 7’ (s*) = a, (s*) is a unit spacelike vector. 
Differentiating (3.7), we obtain equation as follows 


Tra (8°) = Bia(s) + Boa(s) + BsB(s) + Bay(s), (3.10) 
where 
1 / / 1 / / 
Bi = 7 (ash + bKE + bKE') , Bo = 7 Aha + bK)E’ + (K’ + K)dE) , 
1 1 
B; =— (bET) , By = -—_ (ag + bg"). 
w w 
* i 1 iN i 
UO Ps aa ee (3.11) 
By the help of previous equation (3.11), we obtain 
Yoo (8) = Yi2(s) + Yoo(s) + Y36(s) + Yay(s), (3.12) 
where Y; = —(Bi + $ (2B, By + B3 + B3)),Y. = —(Bo + 4 (2B Ba + BS + B3)),¥3 = 
ee ea 
ii) Using equations x. (s*) = —5 (7,7) and far (s*) = (a!” — ka — kK! x, 2!" — Ka — 
w/a) — K5,_ (s*). The curvatures ky, (s*) and ty, (s*) of the 7,,, (s*) are explicity obtained by 
*\ __ tak 2 2 
Ky (s ) a) (2B, By + B3 + B3) 
7, (8) = 2%) — &/)¥4 + (Yo — 6)? + 13-45, (3.13) 


Thus, the theorem is proved. 
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Definition 3.3. Let x be unit speed spacelike curve lying on Q? with the moving asymptotic 
orthonormal frame {, a, 6, y} . Then, wy-smarandache curve of x is defined by 


#6 cool as 
ven(8") = = (aes) + bu(s)), G14) 


where a,b € Rj. 


Theorem 3.4. Let x be unit speed spacelike curve in Q? with the moving asymptotic orthonormal 
frame {x,a, 8, y} and cone curvature « and let yz be xy-smarandache curve with asymptotic 
orthonormal frame {Yxy, xy; Bry; Yey}- Then the following relations hold: 
i) The asymptotic orthonormal frame {Yzy, xy, Bry, Yxy} Of the xy-smarandache curve Yzy 
is given as 
axe 0 0 b 


Tab ib | Ty 
ve 0 m 2 0 
Oxy} _ | (mretmt) nom =m <a (3.15) 
Boy (=ms=mr = x mh B 
Yay _ ac ) a on = ‘GC y 
2V2ab 2V2ab 
where 
—  a—dbr abr 
mh wv 2ab’ te wv 2ab’ 
ds* a b 
= 2 | 24a 2 
ds V3 BAe me): 
1 1\2 KD 
C= < (-2m(me+ mr) + (mh + hy’). 
ii) The cone curvature ky, (s*) and Ty, (s*) of the curve ¥,,, is given by 
? —C 
Ky_y(8") = 3? 
2 * aC ! bC ! 2 12 C? 
— 2 | ! ——= ! | | al 
aaa ) (m r1p2T 71 2/2ab ©) Soap m) I (n\ TA ) | (5) 4 i) (3 6) 


a b 
— | De a eed 
8 IVs Kk 5, \* + 7*)ds. (3.17) 


Proof. i) We assume that the curve x is a unit speed spacelike curve with the asymptotic or- 
thonormal frame {2, a, 3, y} and cone curvature «,7. Differentiating the equation (3.14) with 
respect to s and considering (2.1), we have 


rhy(o?) = A aa) - Fo G.18) 


or 
Vey (8") = ma + mB. 
By considering (3.17), we get 
ny (S") = (8) = aay. (3.19) 


Here, it can be easily seen that the tangent vector Ory is a unit spacelike vector. 
Differentiating (3.19) and using (3.17), we obtain 


vf, (s*) = = =n) ) x(s) he "2g Na(s). (3.20) 


W W W W 
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By the help of equation y.,(s*) = —yi,, — 5 Ce Vay) Vey» We write 


4 = PTR > RT aC nh my AN aC 
tny(st) = (FRESE of) — tho — Bg 4 (BE y(s). 20 


ii) 


: 1 
Byy (s ) = a) yeas ley) ’ 
Tip, (8") = (8 — Ka — Ke, 8 — Ka’) — Ke, (3.22) 
By using (3.22), the curvatures x, (s*) and T,,,,(s*) of the y2y(s*) are explicity obtained 
: 1 -C 
Kye, ($ ) = 9 eosin = a 
2 * aC ! bC 
T, (8°) = 2mK+mT 4 K 
Soak ) (m WT 7 2/2ab AC om: m) 


C2 


Definition 3.5. Let x be unit speed spacelike curve lying on Q? with the moving asymptotic 
orthonormal frame {2, a, 6, y} . Then, wy-smarandache curve of x is defined by 


Yoy(s") = a(s) + > y(3), (3.23) 


a 
where a,b € Rj. 


Theorem 3.6. Let x be unit speed spacelike curve in Q? with the moving asymptotic orthonormal 
frame {x,a,8,y} and cone curvature « and let Yay be ay-smarandache curve with asymptotic 
orthonormal frame {Yoy,Qay, Bays Yay} +» Then the following relations hold: 

i) The asymptotic orthonormal frame {Yay, ay; Bays Yay} of the ay-smarandache curve Yay 
is given as 


0 1 0 8 
ey p, Ps ps P, i 
Cay}! _ | pitKp,+e,7 Pi+P,—KPy PL -TPy —pr +P, 7 (3.24) 
M M M M , : 
Bay DN wheactee Poth, —KP4 peo Py tP4 B 
You oe ¥% ces a y 
2 a 
where 
K —b/k —by/T 1 
ep ee ape Ga ae 
b 
M= 5 (Kn? + 7?) — 2k (3.25) 
a 
2 yo | | | 1 to 24 ! 2; 
D = Jaa le + KP, + PsT)(—P2 + Ps) + Fp ((P2 + Pr — KPa)” + (0, — TP)”)- 
ii) The cone curvatures K,,,(8*) and Ty, (s*) of the curve ‘yay is given by 
D 
Kyay (8°) = ai (3.26) 
/ 
oe Pi TK, + PsT ny, Pr- Py _, OD 
=2 
13 (st) =2( EMEA AT yy Me 5 OP) 
y 4 2 
prt Pp, — Kp, | D ee a ee 
oi, 
(BAAN Ps ey ATT FE G.27) 


where 


s* =f y b (Kk? + 77) — 2Kds. (3.28) 
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Proof. i) Let the curve x be a unit speed spacelike curve with the asymptotic orthonormal frame 
{x, a, 3, y} and cone curvature «,7. Differentiating the equation (3.23) with respect to s and 
considering (2.1), we find 


* 


Tag") arts) “ca(s) a0) ues. 


This can be written as following 


2 ds* _ K bK bt 1 
Qay(s*) a wt 's mes — 77 Als) Wide (3.29) 
where 
ds* b 
— — De ih pe 
ae fe (K? + 77) — 2k. (3.30) 


Differentiating (3.29) and using (3.30), we get 
’ Y = fo = 
nt = (@ + Kp, EE, (Pat KP, Ja (& TP, )B ( P+ P; y, 3.31) 


ay M M M M 
where p, =FpA= = (4) »P3 = 2 (a7) » Ps = Mw 
1 
Yoy(s") = —Yay — 5 (Yay You) You and (Yous Yay) = D. 2) 


By the help of equation (3.32), we obtain 


* ee a 3 5+ 1 4 D 
Yay(8") = (— ALE EM) (8) + (-B AEE — als) 
‘+ Tp, —p,t+p, oD 
(as) + (- Pa — (5), 3.33) 


ii) Using (3.22), we have (3.26) and (3.27). 


Definition 3.7. Let x be unit speed spacelike curve lying on Q? with the moving asymptotic 
orthonormal frame {2, a, 6, y} . Then, G-smarandache curve of x is defined by 


a 


reals") = Fa(s) + (6), (3.34) 


where a,b € Rj. 


Theorem 3.8. Let x be unit speed spacelike curve in Q? with the moving asymptotic orthonormal 
frame {x,a, 8, y} and cone curvature « and let y,3 be «8-smarandache curve with asymptotic 
orthonormal frame {Yxg, 28, Bxe+Yxe} . Then the following relations hold: 

i) The asymptotic orthonormal frame {Y28, 0x8, 8cg,Yxp } of the xB-smarandache curve 7x, 
is given as 


Ve $ 0 1 0} fz 
Ag B by 1 0 0 a GB 35) 
——t 2 ; se 
Boe| \eea Gye oa) 8 Sale 
Yn Sar SGP ae so 
where , F ‘ 
oo . Pb 
M= 24" T ao T rie (3.36) 
ii) The cone curvatures k,,,(8*) and Ty,,,(s*) of the curve yx is given by 
(be, b 
ei 2 2-7’ 37 
Kya g (8 ) Poa K 77") (3.37) 
b be bt b> 
2 *) 2 pe \ 
Ty,(8') = M 2K + kK 64K er 24T (3.38) 


where . 
s= gota a,b, AE RG. (3.39) 
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Proof. i) Differentiating the equation (3.34) with respect to s and considering (2.1), we find 
x. ds* a 
Yn (S ler = pols) +72(s). (3.40) 


This can be written as follows 


Ong (8") = Ts) + als), (3.41) 


where Ase 
Ss a 
— =<. (3.42) 
Differentiating (3.41) and using (3.42), we get 
bb b\? b 
" *) (7% RAW 5m ns ee 
halo") = (Gre + (2r'}e(s) + (r (2) Jats) — Su6s 
* i 1 iW iW 
Yxp(s ) = —Ye2B — 7 (Yeas Yaa) Yap: (3.43) 
By the help of equation (3.43), we obtain 
: BY 8s b\° b 
yeas") =(-(2) 7)a(s)+(-(2) als) +Ma(s)+ (Zul), 44) 
where M = ee La Ba! 


ii) Using (3.22), we have (3.36) and (3.37). 


Definition 3.9. Let x be unit speed spacelike curve lying on Q? with the moving asymptotic 
orthonormal frame {2, a, 6, y} . Then, @-smarandache curve of x is defined by 


es aa(s 8 


where a,b € Rj. 


Theorem 3.10. Let x be unit speed spacelike curve in Q? with the moving asymptotic orthonor- 
mal frame {x, a, 8, y} and cone curvature & and T let y~g be aB-smarandache curve with asymp- 
totic orthonormal frame {7Yag8, a8, PaB, Yap}. Then the following relations hold: 

i) The asymptotic orthonormal frame {708,08 PaB,Yas} of the ab-smarandache curve 
Yag Is given as 


. b 
' 0 Tae Tare oT 
a8 Yy, 0 0 Y, 
Aap} _ | yy Yi—KY¥p =r) a ea (3.46) 
Bap _Yi—Y3 BA a B 
YaB ah ra a -E y 
2Wa2+b2 2Va2+b2 
where 
ds* 2 
b = 
_ ante y _ a (3.48) 
1 EV +e Eva? + b 
1 
L = yy QV/¥3 + (Mi — w¥2)? +77¥7). (3.49) 


ii) The cone curvatures k,,,(8*) and Ty, ,(s*) of the curve ya is given by 


L 
Kyag(S") = ai (3.50) 
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Y/ Y KY>_Y a 

2 * 1 ! 2 2-71 2 

=2 t T 

Tap (8*) = 2G + 8)(— GB) + (Et — Sangh — wi) 
TY b i? 


where 


(3.51) 


(3.52) 


Proof. i) Let the curve x be a unit speed spacelike curve with the asymptotic orthonormal frame 
{x, a, 3, y} and cone curvature «,7. Differentiating the equation (3.45) with respect to s and 


considering (2.1), we find 


ds* ak + br ae) 
/ * =, 
Yop (s ) ds Jaap 


ule). 


a 
Jere 


where 


ds* 2 
E= ae =|a@| a (ak + br) |. 


Differentiating (3.53) and using (3.47), we get 


allel") = (E)a(s) + (A? o/s) + (2? as) + 72 lo), 
where a6 — _aK+br Y= —a 


EvVa?+b?’? ~? EvVa?+b?" 


1 
Yas (s") = —Yae — 5 Yaar Yas) Yass and (Yop, Yas) = L. 
By the help of equation (3.55), we obtain 


, -Y/ KY. — Y| aL 
Yoa(s") = (a")a + ( E JS a2 + b2 


Ja, 


TY> bL -Y; 
ii) Using (3.22), we have (3.50) and (3.51). 


(3.53) 


(3.55) 


(3.56) 


Definition 3.11. Let x be unit speed spacelike curve lying on Q? with the moving asymptotic 


orthonormal frame {x, a, 6, y}. Then, Sy-smarandache curve of x is defined by 


nav(s*) = Bs) + (9), 


where a,b € Rj. 


(3.57) 


Theorem 3.12. Let x be unit speed spacelike curve in Q? with the moving asymptotic orthonor- 
mal frame {x,a, 8,y} and cone curvature k and let yg, be By-smarandache curve with asymp- 


totic orthonormal frame {7py, %y, 23y,YBy} . Then the following relations hold: 


i) The asymptotic orthonormal frame {7ygy, ey, Bay, YBy} of the By-smarandache curve yg, 


is given as 
b 
YBy 0 0 1 a zt 
aT K ez 0) 
By _ pv K-72 Vv Ker? Vv Ker? a 
B = Wy +KW2+W3T Wi+W wz we B ’ 
By / 4 Z Z Z 
YB Ww, KW, tw, is Wi tw, w F w2 bF y 
y Z Z Z 2 Z 2a 
where es ; 
S 
Z= = K2 +72 


(3.58) 


(3.59) 
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ar kK s (3.60) 
wy = W2 = ,W3 = — : 
 bVRe re Vet eee eee 
ii) The cone curvatures K.,,(s*) and T,,,(s*) of the curve yey is given by 
F 
Keng (8") = ae (3.61) 
/ 0 2 2 
> is Ww + KW, + WT we catl bF w, (+e, | F 
fgg Ae) 2( ! - “’) (= Zz) Z A rhea (3.62) 


st = iV 472; ,b,€ Re. (3.63) 


b 
Proof. i) Differentiating the equation (3.57) with respect to s and considering (2.1), we find 


ds 


b b 
Yay(s*) a5 = 7Tx(s) 7 hals) TACs): (3.64) 


This can be written as follows 


ar K ay 


py (s*) = ae pe) Tenn = Ae ar) 


where 


ds* 
ea es (3.66) 


ds a 
Differentiating (3.65) and using (3.66), we get 


wy + kw? + w3T wy tw 


ils") = (ERB (5) + AE als) + (FB) a6) + (-Z) vb. 


f 1 
ypy(s") = —YBy — 5 (Vey Vy) Yew (3.67) 


By the help of equation (3.67), we obtain 


i+ Kw, +u, 
yay(s") = (—2 A (5) + (AS als) 
uw, -F _ w2 oF 
(-Z-F) 06+ GE - Pve (3.68) 
where Z = & — R477. 


ii) aa (3.22), we have (3.61) and (3.62). 


Example 3.13. Let x be a spacelike curve in Q? with arc length parameter s given by 
x(s) = (sin s,cos s,0,1). 


Then we can write the smarandache curves of the x-curve as follows: 
1) xa- smarandache curve yz. is given by yra(s) = (¢ sins + cos s, | cos s — sins, 0, ¢) 
2) «8-smarandache curve 7g is given by 7,3(s) = ((¢ — 1) sins, (¢ — 1) cos s, 0, #) 


cos s+ sins,0 


3) xy- smarandache curve yz is given by yzy(s) = sin s — cos s 


(a Ja) 


4) ay- smarandache curve 7, is given by Yoy(s) = ((1 - 


8 ay; 
*) cos s,(1 — ¢) sin s,0,0) 


5) a8-smarandache curve Yq is given by yag(s) = Tat ( 
6) Gy-smarandache curve yg, is given by ygy(s) = ( sins — ¢ cos s, —coss + § sins, 0, 0) : 


where a,b € RG. 


bsin s — acoss,asins + bcos s,0,0) 


536 


Fatma Almaz and Mihriban A. Kiilahci, Miinevver Y. Yilmaz 


References 


[1] 


[2] 


[3] 


[4] 
[5] 


[6] 


[7] 


[8] 


[9] 


[10] 


[11] 
[12] 


[13] 
[14] 


[15] 


[16] 


H.S. Abdel-Aziz, M.K. Saad, Smarandache Curves of Some Special Curves in the Galilean 3-Space, 
Honan Mathematical J. 37(2), 253-264 (2015). 


A.T. Ali, Special Smarandache Curves in the Euclidean Space, International Journal of Mathematical 
Combinatorics 2, 30-36 (2010). 


A.T. Ali, Time-like Smarandache Curves Derived from a Space-like Helix, Journal of Dynamical Systems 
and Geometric Theories 8(1), 93-100 (2010). 


C. Ashbacher, Smarandache Geometries, Smarandache Notions Journal 8(1-3), 212-215 (1997). 


N. Bayrak, O. Bektas, S. Yuce, Special Smarandache Curves in Rj, Commun. Fac. Sci. Univ. Ank. Ser. Al 
Math. Stat. 65(2), 143-160 (2016). 


O. Bektas and S. Yuce, Special Smarandache Curves According to Darboux Frame in E?, Romanian 
Journal of Mathematics and Computer Science 3(1), 48-59 (2013). 


M. Cetin, H. Kocayigit, On the Quaternionic Smarandache Curves in Euclidean 3-Space, Int. J. Contemp. 
Math. Sciences 8(3), 139-150, 2013. 


M.A. Kulahci, F. Almaz, Assesment of Smarandache Curves In The Null Cone Q’, Punjab University 
Journal of Mathematics, In Press (2019). 


M. Kulahci, M. Bektas, M. Ergiit, Curves of AW(k)-Type in 3-Dimensional Null Cone, Physics Letters A 
371, 275-277 (2007). 


M. Kulahci, F. Almaz, Some Characterizations of Osculating in the Lightlike Cone, Bol. Soc. Paran. Math. 
35(2), 39-48 (2017). 


H. Liu, Curves in the Lightlike Cone, Contribbutions to Algebra and Geometry 45(1), 291-303 (2004). 


H. Liu, Q. Meng, Representation Formulas of Curves in a Two- and Three-Dimensional Lightlike Cone, 
Results Math. 59, 437-451 (2011). 


B. O’Neill, Semi-Riemannian Geometry with Applications to Relativity, Academic Press, London (1983). 


U. Ozturk and E.B.K. Ozturk, Smarandache Curves According to Curves on Spacelike Surface in 
Minkowski 3—Space R}, Journal of Discrete Mathematics 2014, article ID829581, 10 pages (2014). 


U. Ozturk, E.B.K. Ozturk, K. Ilarslan, E. Nesovic, On Smarandache Curves Lying in Lightcone in 
Minkowski 3-Space, Journal of Dynamical Systems and Geometric Theories 12(1), 81-91 (2014). 


M. Turgut, S. Yilmaz, Smarandache Curves in Minkowski Spacetime, International Journal of Mathe- 
matical Combinatorics 3, 51-55 (2008). 


Author information 


Fatma Almaz and Mihriban A. Kiilahc1, Miinevver Y. Yilmaz, Department of Mathematics, Firat University, 
23119 ELAZIG, TURKIYE. 


E-mail: fb_fat_almaz@hotmail.com, mihribankulahci@gmail.com, myildirim@firat.edu.tr 


Received: February 18, 2018. 
Accepted: December 22, 2018 


